Organic extracts of the flowers of Helichrysum kraussii and H. odoratissimum contain several bioactive flavonoids, characterized by 1 H NMR, 13 C NMR and mass spectrometry. Four flavonoids, 5,6-dihydroxy-3,7,8-trimethoxyflavone, 5,7-dihydroxy-3-methoxyflavone, 3',4',5,7-tetrahydroxy-3-methoxyflavone and 3',4',3,5-tetrahydroxy-7-methoxyflavone, have antioxidant activity by the DPPH free radical assay, while 5,6-dihydroxy-3,7,8-trimethoxyflavone and 3',4',3,5-tetrahydroxy-7-methoxyflavone have promising anti-inflammatory activity.
We have investigated the constituents of two Helichrysum species used in traditional African medicine. H. kraussii Sch. Bip. (Asteraceae) is a perennial shrub with small yellow flowers, occurring mostly in the eastern parts of South Africa [1] . It is smoked to relieve cough and to treat pulmonary tuberculosis [2] . H. kraussii is burnt as an incense by KwaZulu-Natal diviners [3] . H. odoratissimum (L.) Sweet (Asteraceae) is an aromatic perennial plant with greyish-white leaves and yellow flowers, and is used to relieve abdominal pains, heartburn, coughs and colds, and to treat female sterility and wounds [4] .
After drying, the flowers of H. kraussii were ground and extracted by gradient solvent extraction. Column chromatography of the n-hexane extract resulted in isolation of orange crystals of compound 1. Compound 1 showed a [M + ] peak at m/z 344, corresponding to the molecular formula C 18 H 16 O 7 in its GC-MS. This was supported by the appearance of 18 carbon signals in its 13 C NMR spectrum, including nine quaternary carbons and one carbonyl carbon (δ 179.5, C-4). The assignment of the A-ring carbons substituted by oxygen is difficult without further experiments, partly also due to overlapping signals. The other resonances were δ 60.3, 61.0, and 61.8 (3xOMe), and a set of five characteristic signals at δ 127.2 (C-1'), 128.3 and 128.7 (C-3' and C-5'), 130.5 (C-2' and C-6'), and 131.0 (C-4') for a monosubstituted aromatic system. The 1 H NMR spectrum of 1 showed three methoxy proton signals at δ 3.87, 3.99, and 4.04, and the typical 3H: 2H resonances at δ 7.54 and 8.14 of a monosubstituted benzene ring. The peak at δ 12.54 indicates the presence of a hydrogen-bonded OH group, which is therefore assigned to C-5. The NOE experiment showed the proximity of the OH group at C-5 to the second OH group, which is, therefore, placed at C-6. Also, irradiation of the methoxy peak at δ 3.87 resulted in enhancement of the C-6 OH peak at δ 6.55, placing this methoxy group at C-7. The remaining methoxy groups give rise to signals at δ 3.99 and 4.04 and are assigned to the remaining positions at C-3 and C-8. This compound is identified as 5,6-dihydroxy-3,7,8-trimethoxyflavone (1), which, as far as we could ascertain, is an unknown compound as its data differ substantially from published NMR and melting point data of other viable isomers, e.g. [5] .
Column chromatography of the dichloromethane extract resulted in the isolation of 5,7-dihydroxy-3-methoxyflavone (2), and chromatography of the acetone extract produced 3',4',5,7-tetrahydroxy-3-methoxyflavone (3-O-methylquercetin, compound 3).
Column chromatography of the acetone extract of the flowers of H. odoratissimum resulted in isolation of yellowish crystals of compound 4 (3',4',3,5-tetrahydroxy-7-methoxyflavone).
The α,α-diphenyl-β-picrylhydrazyl (DPPH) free radical scavenging assay [6] was used to measure the antioxidant activity of the isolated flavonoids. The results tabulated in Table 1 show that these flavonoids have appreciable antioxidant activities. Many plants contain flavonoids with antioxidant properties. Structurally, the antioxidant activity of flavonoids is attributed to the enone function of the C ring. The C2-C3 double bond increases scavenger activity by conferring stability to the phenoxy radicals produced, while the keto double bond increases free radical scavenger activity by delocalizing electrons from the B ring [7] . The anti-inflammatory activities of flavonoids 1 and 4 were determined using a COX-1 and COX-2 catalyzed reaction of the arachidonic acid-prostaglandin pathway [8] . When compared with Indomethacin, a commercial anti-inflammatory drug, compound 1 is more active against COX-2 ( inflammatory disorders. It is known that inhibition of the inflammatory process may be attributed to a particular hydroxylation pattern of the B ring in flavones. Oxygenation on C-3 of the C ring appears also to be critical for the anti-inflammatory activity of flavonoids [8] . Extraction, purification, and identification of compounds from H. odoratissimum: Ground H. odoratissimum flowers (350 g) were extracted as described for H. kraussii. The acetone extract (13.8 g) was distributed between distilled water and n-butanol in a separating funnel. The butanol extract was evaporated and gradient CC (SiO 2 ; n-hexane/EtOAc 100:0 to 20:80, finally EtOAc/acetone 1:1) produced 0.1 g yellow crystals of compound 4 as the major component.
Antioxidant activity of flavonoids using DPPH free radical scavenging assay: The anti-oxidant activity of the compounds was determined colorimetrically [6] by testing for DPPH radical scavenging activity. Methanolic DPPH solution (2.0 mL, 1.0 x 10 -3 M) was mixed with 1.0 mL of each flavonoid solution (1.0 mg/mL) in methanol. The mixture was allowed to stand for 60 min. The absorbance of the reaction mixtures was measured at 520 nm using a Unicam spectrophotometer and glass cuvettes. Pure methanol was used as a blank, and α,α-diphenyl-β-picrylhydrazyl (DPPH) (1.0 x 10 -3 M) solution was used as a control. Radical scavenging activity was then determined quantitatively as the percentage decolorization. Each assay was performed in triplicate.
Anti-inflammatory activity of flavonoids using cyclooxygenases-1 and -2: The anti-inflammatory activity of isolated pure flavonoids was determined by adding flavonoid sample (100 g) to the reaction mixture consisting of arachidonic acid (250 g/mL) and cyclo-oxygenase-1 (250 g/mL). The reaction mixture was incubated for 60 min, with occasional agitation, at 37C. The amount of prostaglandins formed was measured to determine the amount of cyclooxygenase inhibition by flavonoids. The reaction mixture of arachidonic acid with cyclooxygenase-1, but without flavonoid sample, was used as blank [9] . Indomethacin was used as a reference compound. The above procedure was repeated with cyclooxygenase-2. (Work performed by the Research Centre for Plant Growth and Development, UKZN-Pmb).
